Injury is the leading cause of death from birth to age 45 years, resulting in more than 56,000 deaths annually, and TBI is responsible for the majority of these deaths. 23 In the entire U.S. population there are at least 373,000 new cases of TBI each year that require hospitalization. 26 This figure is likely to be an underestimation of total new TBI cases per year, because it under-samples the patients who sustain milder TBI and who are never hospitalized. Approximately 99,000 new survivors of TBI each year are classified as disabled. 26 Survivors of TBI tend to be young, which means that there is a high life-long cost of disability. Traumatic brain injury is estimated to create a yearly expenditure of $48.3 billion dollars.
The sex of patients with TBI has long been overlooked as a possible explanation for, or confounding factor in, outcomes after TBI. However, what little research exists on gender differences in TBI outcome suggests that outcome may be worse in women than in men. For example, Klauber and colleagues 22 reported that case fatality rates were elevated in women as compared with men in two age groups. Kraus and colleagues 25 have recently reported findings from the UCLA Brain Injury Research Center, in which case fatality rates at the Emergency Department (while in the intensive care unit and after leaving it) were shown to be significantly higher for women compared with men. In addition, the rate of poor outcomes (that is, death, persistent vegetative state, and severe disability) was significantly elevated for women compared with men at 6, 12, 18 months postdischarge. Bazarian and coworkers 4 recently reported that female gender was a significant predictor of the development of postconcussive symptoms at 1 month after suffering mild TBI.
In TBI research, gender is likely to interact with many other outcome variables. If gender interactions are not understood, they may end up obscuring true findings in TBI research. For example, sex differences in the metabolism of a pharmacological intervention (such as, tirilazad 18 ) may obscure true treatment effects. The sex of the patient may be a very important risk factor of TBI outcome. The purpose of this paper is to perform a quantitative, metaanalytic review of the outcome in TBI literature to provide a preliminary evaluation of the influence of gender on outcome after TBI. sample of head-injured patients. 33 It is important to note that although men sustain a greater number of TBIs than women, women still compromise a substantial portion of TBI patients (one quarter to one third of the population according to these estimates).
The gender difference found in the incidence of TBI is only seen from puberty until middle age, leaving a large part of the life span with roughly equal rates of TBI between the sexes. In several studies it has been shown that there are no gender differences in the incidence of children sustaining TBI. 14, 16 In adults the incidence of TBI appears to be approximately the same in men and women aged 45 to 75. In older patients (65 years of age or older) no gender shown differences have been shown in the rate of TBI, with a sex ratio of 49% men and 51% women. 33 After age 75 years, there is a slightly higher incidence of mild head injury in women, due mostly to falls. 24, 33 The sex of the patient may in fact be a very important determinant of TBI outcome. However, to our knowledge, there is only one published report specifically designed to study the effect of sex on TBI outcome. 20 Therefore, a thorough, metaanalytic review could help to elucidate possible gender differences in TBI outcome and to identify important gaps in our knowledge regarding recovery and outcome after brain injury. Based on the available evidence for predictors of outcome in TBI, the following questions were formulated. 1) Is there a gender difference in TBI outcome, and if so, what is the magnitude of that difference? 2) Does a gender difference depend on the specific outcome measure?
CLINICAL MATERIAL AND METHODS

Selection of Studies
The procedures for performing a metaanalysis outlined by Glass, et al., 12 were followed. The published Englishlanguage literature on TBI outcome was reviewed. Studies were included if they were published in a peer-reviewed journal or an edited book and were published before January 1998. Studies were required to include patients who had suffered TBI and at least one outcome measure was reported separately for men and women. Patients were required to be 12 years of age or older.
An initial search on Medline resulted in 16,302 references for "brain injuries," limited to 9822 for English-language articles. Adding "sex or gender" reduced the number to 40 references, most of which had been selected because the statement "age and sex-matched controls" was included. These 40 studies were reviewed to determine if they reported results separately for each sex. In one study in which data were reported separately by sex 39 there was considerable bias in its methodology, and it was excluded (the outcome measure was spouses' perceptions of change in the patients' sexual behavior, in a sex-segregated Indian culture wherein only two wives spoke about their husbands, but all the husbands spoke about their wives' behavior). The sample of manuscripts was therefore limited to eight studies, 5, 7, 20, 21, 27, 30, 38, 45 which, together, contained 20 variables for which outcome in men and women was reported separately.
Selection of Variables for Analysis
To be included, each study was required to report any designated outcome variable and the total numbers of male and female TBI patients with the given outcome. Either the number of men and women in whom the outcome variable was reported (allowing for a chi-square analysis), or an F-statistic for differences between groups, was required to allow for calculation of an effect size. All outcome variables meeting these criteria from each study were included for analysis.
To examine the questions posed in this study, a set of explanatory variables was selected based on the availability of reported data. First, outcome variables were classified into "outcome category" to allow for comparison across similar outcomes (indices of initial injury severity, somatic/ postconcussive complaints, return to work, and new psychiatric symptoms). When the outcome variable was reported in the study as a positive outcome (for example, "return to work"), the direction of the variable was reversed to reflect a negative outcome (for example, "no return to work"). This reversal allowed better cross-variable comparison because almost all outcome variables were expressed as a negative outcome.
Statistical Analysis
Effect size 6 was computed for each comparison between men and women on the given outcome variable. If the variable was reported only as the number of men and women in each group, we performed chi-square analysis of the observed as compared with the expected numbers of men and women in whom the outcome variable was reported. When insufficient descriptive statistics were provided, the effect size was computed from inferential statistics (F) according to formulas provided by Glass, et al. 12 Each of these effect size indices will be described.
The chi-square effect size index (w) was calculated according to the procedures of Cohen. 6 This effect size index is used to measure the discrepancy between the observed and expected proportions of the two groups (in this analysis, men and women) by using the following formula:
Where 'O' refers to the observed frequency and 'E' to the expected frequency 17 of men and women in these groups.
The F statistic effect size (f) was also estimated according to the procedures of Cohen. 6 This estimation was performed by working from the F statistic such that the SS and mean square error were estimated from the means of the outcome variables and the numbers of men and women in a two-way analysis of variance (for further explanation see Howell, 17 pp 306-314). Eta is used to represent effect size calculated from an F statistic. Eta squared is then calculated by the group SS divided by SS total. The effect size index f is then calculated using the following formula: 6 E. Farace and W. M. Alves Table 1 provides a summary of the results of these effect-size analyses, and Table 2 provides a summary of the effect sizes by gender collapsed across different outcome variables.
RESULTS
The first finding of interest in this metaanalysis was the small number of studies available for inclusion. The primary literature on TBI outcomes is obviously much larger than that represented by the studies included in this metaanalysis, but we included only in which results were reported separately for men and women.
Worse Outcome in Women
On average, outcome after TBI was found to be worse in women than in men, regardless of the variable being analyzed (see Table 1 ). How much worse did women really fare? As is shown in Fig. 1 , in 17 (85%) of 20 outcome variables classified by sex, outcome after TBI was worse in women across all brain-injury types. A nonparametric test of "goodness of fit" that allows for nonindependence of observations (Kolmogorov-Smirnov one-sample test) was performed to compare the likelihood that a worse outcome in women would be shown only by chance. Analysis of the results indicated that the outcome gender ratios reported in Table 1 were very unlikely to happen by chance (p Ͻ 0.05).
Magnitude of Effect Sizes
To understand the magnitude of these gender differences in TBI outcome, Table 1 includes the effect sizes of the gender differences at the study level. According to Cohen, 6 0.1 can be considered a small effect size, 0.3 a medium effect size, and 0.5 a large effect size. The mean effect size for this metaanalysis was Ϫ0.15 (the negative sign indicates women having worse outcome).
As can be seen in Table 1 , the largest effect size was found for having one or more postconcussive symptoms at 6 weeks, 38 with small to medium effect sizes shown for headache, 7,20 dizziness 7 insomnia, 7 no return to work, 5, 30 days of posttraumatic amnesia, 21 and length of hospitalization. Outcomes were significantly worse in women (significance calculated within studies) than they were in men with regard to all of these outcome variables except one: no return to work. 30 When gender differences were investigated by types of outcome measures (Table 2) , women's effect sizes ranged from Ϫ0.17 to Ϫ0.32, indicating worse outcomes in women than men in every outcome category except return to work. 30 The results of the study reported by McMordie, et al., 30 are difficult to explain, considering the fact that in the same study women were found to have sustained more days of loss of consciousness (mean 42.83 days for men and 45.94 days for women). It is interesting to note that this study also had the longest length of time from injury to assessment (mean 6.7 years), perhaps suggesting an interaction of gender with outcome over time.
DISCUSSION
In general, it appears that outcomes may be worse in women than in men after TBI. However, it should be noted that only a small percentage of the published literature on outcome after TBI was sampled for this metaanalysis, because outcome data were rarely classified by sex. One potential source of bias in any metaanalysis is the editorial bias against publishing negative studies. Thus, it may have been that only in studies with surprising differences between the sexes was data reported separately by sex. However, the rarity of studies reporting data separately for each sex, whether or not the outcome differences were significant, suggests that gender has simply not been previously considered to be an important risk factor in TBI outcome.
What might be the source of a sex difference in TBI outcome? Factors such as length of time from injury to the emergency room, age, premorbid functioning, location of damage within the brain, and type of lesion produced, 10 that influence TBI outcome are expected to vary randomly in a population, and, therefore, are not expected to produce a sex difference in TBI outcome. However, some of these factors potentially do correlate or interact with TBI patient gender and may therefore relate to a difference in outcome. For example, men and women who sustain brain injuries may differ premorbidly. Traumatic brain injury sequelae may be reported differently. Women may sustain different injuries, due to morphological differences or to different causes of trauma. Established sex differences in cognitive ability and psychosocial factors may also play a role, as may differences in functional brain organization. Sex hormones may affect outcome after TBI. Different treatments may affect men and women differently. A discussion of each of these possibilities follows.
Premorbid Factors
Given that fewer women than men sustain TBI, perhaps the women who do suffer TBI differ systematically from the overall population. For example, do men and women who sustain a TBI differ in premorbid IQ? Premorbid IQ is a significant predictor of TBI outcome, 13, 46 given survival. Sex differences may also exist in premorbid psychosocial factors such as family function, 34 problem-solving skills, 34 education, 11 employment, 15 socioeconomic status, 15, 44 and medical insurance, 44 all of which have been shown to be significant predictors of outcome after TBI, although sex differences in these factors have not yet been tested in the TBI population.
Symptom Reporting
Sex differences in TBI outcome may result from the different ways in which the two sexes report illness and symptoms. Indeed, more women report illnesses and make more physician visits per person each year than men. 3, 47 It may be easier for women to admit to having symptoms such as headaches, fatigue, anxiety, or depression (see Table 1 7 ) than men. When an outcome variable is subjective and/or nonspecific, such as fatigue 45 (see Table 1 ), a difference in
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A metaanalysis of gender differences in outcome after traumatic brain injury "outcome" between male and female patients may simply be the result of the way in which the sexes report behavior. However, when the outcome variable is a more objective measure, such as a test score, or is an irrefutable measure, such as death 45 (Table 1) , outcome is unlikely to be related to symptom-reporting behavior.
Injury Factors
Outcome after TBI may differ in men and women because of gender-related behavioral patterns that cause the traumatic accident. There is a great deal of evidence that men, especially young men, engage in risk-taking behavior far more frequently than women (see, for example, the studies by Morrongiello and Rennie 31 and Zimbardo, et al. 48 ). According to the National Highway Traffic Safety Administration, 32 men are more than twice as likely to be the driver in fatal car crashes, and women are more likely to be the passenger in a car crash. Men and women differ in safety-related activity such as using a seatbelt or wearing a helmet. The National Highway Traffic Safety Administration study reported seatbelt use in 68% of women and 56.8% of men in 1996. Women may experience worse outcomes after TBI because they are more likely to wear seatbelts and helmets and perhaps the use of safety restraints changes the site of impact or increases the severity needed to cause an injury.
Cognition and Psychosocial Factors
If women have worse outcomes than men after TBI, why is this effect not globally recognized? One possibility is that the worse outcomes reported in women may have been masked by women's relative strength in verbal fluency ability, which has been shown in a metaanalysis to have a medium effect size. 19 When functional criteria for discharge requires that a patient be able to ambulate and communicate, women's superior verbal fluency, even af-E. Farace and W. M. Alves ter brain injury, may falsely cause their outcome to appear better than it actually is. In these cases, women's strengths may be limited to speaking ability, with significant performance and/or functional deficits remaining undetected. This effect may cause an overestimation of women's true level of function by their caretakers and physicians, and it may result in women being discharged before sufficient recovery, leading to worse outcome.
Gender Differences in Brain Function
Analysis of a growing body of evidence demonstrates that men's and women's brains differ in functional organization (see Farace & Turkheimer 9 for review). In studies of unilateral lesions in stroke patients 42, 43 women have been shown to have more bilateral representation of Verbal and Performance IQ than men. This bilateral representation of verbal skills (spatial skills were not tested) has also been supported by the results of a functional magnetic resonance imaging study in which the authors found that women possessed greater bilateral verbal-processing ability in a lexical decision task than men. 41 It is possible that a sex difference in brain organization relates to a sex difference in TBI outcome. Perhaps diffuse brain injury in TBI has a greater chance of affecting relevant function in women's brains because there is a greater chance of the injury affecting a brain area, whereas men's more focally organized brains may be relatively spared.
Sex Hormones and TBI Sequelae
An interaction of TBI sequelae with sex hormones may relate to differences in TBI outcome between men and women. Alkayed, et al., 1 have found that estrogen had a protective effect against ischemia in female rats in which they used an experimental stroke paradigm. However, in an experimental brain trauma study, the authors found a protective effect of estrogen (improvement in free magnesium concentration, cytosolic phosphorylation potential, and motor function) only in male rats. Lowered cytosolic phosphorylation potential after trauma and higher mortality rates were demonstrated in all groups of female rats. [8] Progesterone has also been shown to have a protective effect in reducing brain edema in TBI sequelae in female rats. 37 In progesterone-treated male and female rats a reduction in behavioral impairment and reduced neuronal degeneration 21 days after injury were also demonstrated. 36 A potential negative effect of sex hormones, especially estrogen, may lead to a worse outcome in women after TBI.
Treatment Effects
Differences in metabolism between the sexes also have potential effects on TBI brain sequelae and interactions with pharmacological treatment. For example, there is a striking gender-related difference reported in a study of the pharmacokinetics of tirilazad, 18 a neuroprotective agent recently investigated for prevention of ischemia-re-
Neurosurg. Focus / Volume 8 / January, 2000
A metaanalysis of gender differences in outcome after traumatic brain injury 5 lated neuronal damage after TBI. 28, 29 Tirilazad clearance was approximately 40% higher in young women than in young men. 18 Therefore, if the agent did have a beneficial effect overall, due to increased metabolism in women there may not have been a sufficient amount of the drug to have an effect.
Evidence for sex-related differences in brain metabolism can also be seen in a recent study of alpha 2-receptor by using positron emission tomography. 40 The authors found that global increases in metabolism in response to norepinephrine treatment were revealed in women whereas none were demonstrated in men.
40
Importance of the Problem: Clinical and Research
Because either most TBI research has been performed only in men or the data have not been analyzed or reported separately by sex, clinicians have very little data to Thus, a public health dilemma is potentially developing, in which practitioners may be faced with increasing numbers of women with TBI but will have scarce data to guide treatment. Endocrine system and metabolic differences may interact with TBI treatment in ways not understood. There may be a potential gender bias in referral and treatment, which means female TBI patients may not be treated as effectively as men. Traumatic brain injury is a difficult disease to study because it is a very heterogeneous phenomenon. Therefore, a great deal of "noise" will likely persist in treatment-focused research. Interactions between TBI treatment and sex may obscure results, as may have partly been the case with tirilazad. Every reasonable effort should be undertaken to reduce this noise so as to obtain a clearer picture of the true treatment effects and recovery mechanisms. Gender is one source of this noise that can be easily identified and reported, which has been shown to have measurable effects. In TBI studies, data should be reported separately by sex, and adjusted analyses should be performed.
CONCLUSIONS
In only a small percentage of the total published literature on TBI outcome are results separated by sex, but a quantitative review of those studies reveals that worse outcomes are demonstrated in women after TBI overall. This sex difference may have implications for TBI prevention and rehabilitation efforts. Further examination is clearly needed.
If a sex-related difference in TBI outcome is found to be stable, future studies should endeavor to answer whether the difference in outcome stems from differences in mechanism (of the accident or in the brain), from treatment variables, or from premorbid sex differences. It is clear that a careful, prospective study of the natural history of TBI mechanisms and sequelae is needed to determine the relation of gender differences to TBI outcome. Traumatic brain injury outcome data should be reported separately by sex, and adjusted outcomes analyses should be conducted with gender as a covariate. The potentially worse outcomes in women after TBI should increase awareness of the fact that women not only do sustain TBI but may potentially be more seriously affected than previously thought.
